Increasing regionalization of cancer surgery has the inadvertent potential to lead to fragmentation of care if readmissions occur at a facility other than the index hospital. The magnitude and adverse effects of readmission to a facility other than the one where the surgery was performed are unclear.
T he implementation of the Hospital Readmissions Reduction Program in 2012 made reduction of readmissions a health care priority. 1 Under this program, readmissions are considered to be a quality metric by the Centers for Medicare & Medicaid Services, and hospitals incur penalties if readmission rates are higher than average. 2 In addition to the increased health care costs, readmissions may result in poorer outcomes for patients, especially when readmissions are to a hospital different from the hospital where the surgery was performed (nonindex hospitals). Readmissions to a nonindex hospital after major general surgical and vascular procedures are associated with 25% to 48% increased odds of mortality. 3, 4 Readmission to a nonindex hospital is especially relevant in the care of patients undergoing major cancer operations. Optimum management of patients with cancer requires multidisciplinary care coordination, and fragmentation of such care can lead to worse outcomes. 3, 5 Prior work has found that readmission after cancer surgery occurs in 30% to 50% of patients 6 and nonindex readmissions occur in 20% to 34%. [7] [8] [9] However, studies thus far have been limited in their ability to capture such nonindex readmissions on a national level or across multiple cancer types. The introduction of the Nationwide Readmissions Database (NRD) has made nationally representative assessment of hospital readmissions possible. We aimed to quantify rates of readmission to nonindex hospitals after major cancer surgery and to compare outcomes between index and nonindex hospital readmissions across the United States. We hypothesized that short-term outcomes of in-hospital morbidity and mortality would be worse among patients readmitted to nonindex compared with index hospitals.
Methods

Patient Selection
We analyzed the Health Care Utilization Project NRD (admission year 2013). The NRD contains nationally representative data on hospital readmissions for all payers and uninsured patients. 10 It contains information from 21 geographically dispersed states that account for 49.3% of the total US resident population and 49.1% of all US hospitalizations. Each entry has a unique verified patient linkage number that is used to track patients across hospitals and therefore can be used to analyze readmissions. Variables in the data set include patient demographics, disease-specific diagnostic codes for each admission, calculated severity measures, outcomes, and hospital-level characteristics. The NRD is unique in its ability to not only identify readmissions within a given period but also study the characteristics of the readmission. The NRD is a publicly available deidentified database. This study was exempt from review by the institutional review boards at Howard University Hospital and the Mayo Clinic in Arizona. We selected all adult patients (aged ≥18 years) from the NRD who were undergoing a complex cancer operation within the first 9 months of the year. All patients had at least 90 days of followup time. Complex operations were defined as esophagectomies or gastrectomies, hepaticobiliary resections, pancreatectomies, colorectal resections, lung resections, and cystectomies. These operations were chosen because they represent a broad sample of surgical procedures that are associated with a clinically significant readmission rate. International Classification of Disease, Ninth Edition, Clinical Modifications (ICD-9-CM) procedure codes were used to identify patients who underwent one of the abovementioned procedures (eTable 1 in the Supplement). The ICD-9-CM diagnosis codes were used to identify patients with a cancer diagnosis that corresponded to the procedure being performed (eTable 1 in the Supplement). The Figure depicts our selection process. Data analysis was performed from January 1 through December 31, 2013.
Variables
Age was included as a categorical variable in deciles of age. Severity of illness was assessed using the all patient refined diagnosis related groups severity of illness variable. This variable, included in the data set for each admission, is calculated by 3M using regression analyses and categorizes patients into minor, moderate, major, and severe loss of function categories. Comorbidities included the Agency for HealthCare Research and Qualitygenerated Elixhauser comorbidity variables.
11 These variables were used to generate a comorbidity score for each patient and grouped patients into 4 categories (0, 1, 2, or >2 comorbidities). A comorbidity of malignant tumor was omitted during the scoring because all the patients had a diagnosis of malignant tumor. In addition, we used ICD-9-CM diagnosis codes to generate variables for major complications, defined as pneumonia, pulmonary embolism, renal failure, cerebrovascular accident, myocardial infarction, cardiac arrest, adult respiratory distress syndrome, sepsis, and septic shock (eTable 1 in the Supplement). A binary variable (yes/no) was created to signify the presence of any of these complications during the admission, as described elsewhere. data set provided for national estimates. 10 The NRD-provided time to readmission variable and the primary admission length of stay were used to calculate the number of days to readmission. All readmissions that occurred within 90 days of discharge were included in this analysis. We used 90 days not 30 days to capture the use of adjuvant therapy that may have contributed to the readmission. Readmission proportions were calculated only for patients who survived to discharge. All 90-day readmissions were categorized as index vs nonindex. Index hospitals were those at which the patient had the initial major cancer operation performed; all other hospitals were nonindex hospitals. Descriptive analyses were performed for the first readmission by index vs nonindex hospital status and tabulated. Bivariate analyses were performed to compare differences in patient and hospital characteristics between these 2 categories. Patients who were transferred to an index hospital during an initial nonindex readmission are included in the index hospital category. Sensitivity analysis that excluded transferred patients was also performed. Multivariable logistic regression was used to identify factors present on the primary admission that were associated with readmission to a nonindex vs an index hospital. Variables in the model included age, sex, comorbidity score, procedure performed, resident of state vs nonresident of state, insurance, income, discharge month, severity of illness, elective vs nonelective admission, hospital characteristics, presence of major complication, prolonged length of stay, and discharge to a facility vs home. The model accounted for the stratified single-stage cluster sampling design of the NRD, and linearized SEs were used.
6
To compare differences in outcome between readmission to index vs nonindex hospitals, we used only the first 90-day readmission of the patient. These analyses were performed on data specific to the readmission encounter. We performed multivariable regression analyses to determine adjusted outcome differences between the 2 hospital categories. Logistic regression was used for in-hospital mortality, major complications, prolonged length of stay, and additional readmissions (a second readmission) with a separate multivariable model for each outcome. Generalized linear modeling with log link and γ family were used to test for differences in hospital cost and length of stay. All variables listed above and the cause of readmission were included in the models. To adjust for the variation in outcomes by facility, all models were adjusted for clustering by facility using robust SEs. Sensitivity analyses were performed for mortality and morbidity separately for each of the major oncologic procedures.
The Hosmer-Lemeshow goodness-of-fit test was used to assess each model. 13 In addition, the F test and linktest were performed, and the pseudo R 2 was checked. 14,15 All analyses were performed with Stata software, version 13 (StataCorp). Where applicable, the χ 2 tests and t tests were used to test for significance.
P < .05 (2-sided) was considered to be statistically significant.
Results
We analyzed 92 260 visits by 60 970 adult patients (mean [SD] age, 67 [13] 
Readmissions
Of the 59 493 patients who survived until discharge, 13 695 (23.0%) were readmitted within 90 days. The number of 90-day readmissions ranged from 1 to 8, with 4840 patients (8.1% of all patients) having more than 1 readmission. The median time to readmission was 30 days, with an IQR of 10 to 58 days (eFigure in the Supplement). Table 1 lists the number of eligible patients by procedure and their readmission rates. The 90-day readmission rates varied significantly by procedure and ranged from 18% for 
Index vs Nonindex Hospital Readmissions
When analyzing only the first readmission (13 695 patients), 2757 patients (20.1%) were readmitted to a nonindex hospital. Differences in initial patient and hospital characteristics between index and nonindex hospital readmissions are presented in Table 2 .
On multivariate analysis, factors that were more likely to be associated with admission to a nonindex hospital were higher comorbidity scores (odds ratio Table 3) . Patients with higher median household incomes (OR, 0.76; 95% CI, 0.64-0.93; highest compared with lowest) and those who underwent surgery at large compared with small hospitals (OR, 0.73; 95% CI, 0.54-0.93) were less likely to be readmitted to a nonindex hospital. The model satisfied postestimation testing criteria, with the F test being significant at P < .001, the linktest at P = .66, the χ 2 test at P = .75, and an R 2 of 0.158.
The most frequent causes of index and nonindex hospital readmissions included infections, gastrointestinal complications, respiratory conditions, dehydration or acute kidney injury, and cardiovascular conditions (eTable 3 in the Supplement). Patients with conditions of a higher acuity or related to medical comorbidity had a higher proportion of nonindex readmissions.
Outcome Differences Between Index and Nonindex Hospital Readmissions
On multivariate analysis, 90-day readmission to a nonindex hospital resulted in 27% higher odds of experiencing a major complication (OR, 1.27; 95% CI, 1.14-1.42) and 31% higher odds of mortality (OR, 1.31; 95% CI, 1.05-1.64) compared with index hospital readmissions ( Table 4) . The mean overall length of stay was slightly shorter at nonindex hospitals (OR, 0.92; 95% CI, 0.89-0.96). There was no difference between cost and additional readmission between the 2 groups. The results of stratified analyses by each procedure type are presented in eTable 4 in the Supplement. Patients who were transferred back to the index hospital accounted for only 0.5% of the sample. Sensitivity analysis that excluded these patients revealed similar findings. All models satisfied posttesting criteria.
Discussion
Approximately one-fifth of readmissions after major cancer surgery were to nonindex hospitals in this nationally representative data set. Nonindex readmissions were associated with 27% higher odds of morbidity and 31% higher odds of mortality compared with readmissions to index hospitals. To our knowledge, this is the first nationally representative study on quantifying nonindex readmissions after major cancer surgery and the association of such care fragmentation with higher morbidity and mortality.
The high degree of coordination required for the care of patients undergoing complex cancer surgery presents a unique challenge if an unexpected event or exacerbation of an underlying medical condition occurs in the postoperative period. Often a multidisciplinary approach is necessary with detailed knowledge of the patient's history, most recent surgery, and hospital course needed to optimize a management plan. 6, 16 However, increasing regionalization of complex cancer operations means that such information may not be immediately available to local facilities that manage an acute problem, with the potential of worse outcomes-the classic scenario for health care fragmentation. Similar to our study, prior reports 7, 8, 10, [17] [18] [19] have also highlighted a high degree of care fragmentation after major cancer operations. Zheng et al, 8 in an analysis of the California State Inpatient Database, found 20% of readmissions were to nonindex hospitals. In their study, nonindex readmissions were also associated with 31% higher odds of mortality. Stitzenberg et al, 17 in an analysis from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database, found that one-third of readmitted patients were at nonindex hospitals. Also using the NRD, Chappidi et al 7 found that 1 in 3 patients experienced care fragmentation after surgery for urologic cancers. Although our analysis allows only a study of in-hospital outcomes for readmissions, long-term outcomes have also been reported to be adversely affected. Fragmentation of care after major cancer surgery influences the timing of adjuvant therapy and decreases 1-year survival. 10, 18, 19 In our analysis, we found no difference between hospital cost for index vs nonindex readmissions. This finding is similar to those of a prior study 20 on readmission after radical prostatectomy.
However, for complex vascular surgery, readmission to nonindex hospitals resulted in lower costs compared with index hospital readmissions. 21 This variation is likely to be related to differences in the study population; however, further research is required. Factors associated with readmission to a nonindex vs index hospital are multifactorial and broadly categorized as patient-and hospital-related factors. Some of these associations can be explained by travel distance because patients, especially those who are older and have more comorbidities, are more likely to present at a hospital closer to home in emergency situations. Stitzenberg et al, 17 in their analysis of the SEER-Medicare data set, found readmission to a nonindex hospital to be significantly associated with travel distance. Patients who lived the farthest from the index hospital had 50% higher rates of emergency department visits and an almost 5 times higher rate of nonindex readmissions than did those living closest to the index hospital. Regionalization of care prompts patients to travel significant distances to undergo their surgical procedure 22, 23 ; however, these patients may often go to the closest hospital for unplanned readmissions. This effect is especially true for patients with pancreatic cancer. readmissions were to nonindex hospitals. We are unable to explore this further using the NRD because the distance traveled is not reported in the database. In addition, causes of higher acuity, such as trauma, strokes, myocardial infarctions, and thromboembolic events, had a much higher proportion of nonindex readmissions than other causes, such as pain or wound complications. This finding has also been reported with readmissions after complex vascular surgery, in which readmissions related to medical comorbidities were more likely to be to nonindex hospitals. 21 High-acuity conditions often generate a call to an ambulance that will invariably take the patient to the closest hospital. These patients often require early stabilization, and transport to the nearest hospital may be the most appropriate measure at the time. However, patients with procedure-related complications who are stable enough may benefit from transfer to their index hospital. The challenge for health care personnel is to differentiate between the 2 types of conditions to appropriately triage patients to the nearest emergency department vs the index hospital. Postdischarge systems of care may help navigate patients with complications. Patients discharged to a facility vs home were 22% more likely to be readmitted to a nonindex hospital. Postdischarge care coordination between index hospitals and subacute facilities is another area of potential intervention. Hospitals and facilities should have policies and agreements in place to prevent such a high nonindex readmission rate, especially in the early postoperative period when continuity of care may make a substantial difference.
Limitations
Our study has several limitations, most of which are inherent to retrospective analysis of large administrative data sets. The NRD, although designed to study readmissions, is derived from administrative data. It does not contain important clinical information, such as cancer stage, intent of surgery, or adjuvant therapy, which may have an influence on our results. In addition, we do not have information on other factors that may influence a patient's decision to be admitted to an index vs nonindex hospital, such as travel distance, hospital accreditation, committee on cancer designation, or patient functional status. In addition, the NRD only picks up readmissions within the same state; thus, we do not identify patients who were readmitted to out-of-state hospitals. However, these patients are expected to be too few to influence our results. In addition, we include 90-day readmissions from all causes and do not perform separate analysis of high-acuity conditions, such as acute myocardial infarctions, and relatively less acute conditions, such as pain. It is possible that there is no outcome difference by hospital type for high-acuity conditions or even conditions unrelated to the primary procedure, such as trauma. However, the degree of subjectivity involved in categorizing high-acuity and related or unrelated readmissions using administrative data would not provide for accurate analysis. Finally, although we used a robust and widely used method for risk adjustment and our results are similar to those previously reported, it is possible that unaccounted risk may explain the differences in our study. For example, although type of operation is accounted for in the analysis (the extent of the surgery has variation), this along with many other important biological factors cannot be accounted for using an administrative data set.
Conclusions
Our study highlights a large readmission burden after major cancer surgery. Approximately one-fifth of readmitted patients presented to hospitals other than hospitals where their surgery was performed, which was associated with higher morbidity and in-hospital mortality likely because of loss of continuity of care. Interventions targeted at reducing nonindex readmissions and improving care coordination, such as early referrals, interhospital transfers, use of telemedicine technologies, and integration of electronic medical records, may result in improved outcomes for patients readmitted after a complex cancer operation.
hospital costs and perioperative outcomes of indexLongstanding data noting the volume-outcomes relationship in high-risk surgical procedures has led to ongoing work to realize the implied benefits. 1, 2 Two main strategies are considered: regionalization to high-volume centers and translation of best practices from high-volume centers to improve care across settings. Resultant increased travel distances from regionalization-an inconvenience when arriving for surgery-presents complex problems for patients at discharge that are magnified if complications occur. As Zafar et al 3 found in their work, the benefits of regionalization are tempered because readmissions to local (nonindex) hospitals after major cancer surgery are associated with significantly higher risks of mortality and morbidity. The unintended consequences of regionalization warrant consideration. On the basis of an analysis of the Nationwide Readmissions Database, the authors conclude that efforts to decrease health care fragmentation are needed. Most nonindex readmissions occurred for higher-acuity conditions or medical conditions not directly related to the index operations. Such nonindex readmissions may be necessary and account for the need for more expeditious care and patients' preference to be closer to home, but the issue of selection bias is raised in terms of the absolute differences seen in the reported outcomes. Readmissions for higher-acuity conditions were not associated with increased rates of transfer to index hospitals, where these patients may be better served.
The question remains, "How do we optimize all aspects of regionalized major cancer surgery to provide higher value care to patients?" The increasing horizontal integration of health care organizations across the United States gives surgeons and hospitals opportunities to play a larger role in decreasing care fragmentation. 4 Formal or informal networks with tertiary "hubs" and affiliated "spokes" will allow strategic alignment of referral patterns with highly collaborative postacute care planning encompassing the postoperative period and subsequent cancer care. An eye toward enhanced communications and shared resources (eg, triage protocols, common electronic medical records) across a geographic distribution allows for efficiencies throughout a health care system. A surgeon's role starts with developing relationships with nonindex or home caregivers who make the referral and continues after surgery by ensuring a safe posthospitalization course through proactive work with the patient and local care team. When concerns arise and if readmission is necessary, deliberate coordination of care between the index and nonindex hospitals ensures the best possible patient outcomes.
The growth of hospital networks has a complicated relationship with marketplace competition, but resultant collaboration and realized efficiencies in care delivery may result in higher value for patients. Regionalization implies a shift in the concentration of care, but there needs to be an appreciation that improving care everywhere is an essential underpinning of the volume-outcomes relationship. 45.41, 45.71, 45.72, 45.73, 45.74, 45.75, 45.76, 45.79, 45.81, 45.82, 45.83, 17.31, 17.32, 17.33, 17.34, 17.35, 17.36, 17.39 Lung resection 32.30, 32.50, 32.39, 32.49, 32.40, 32.41, 32 
